To investigate the effects of repeated immobilization-stress challenge on the the hypothalamic-pituitary-adrenal axis, the genomic transcriptome in the adrenal cortex of immobilization-stressed mouse was analyzed by using a cDNA microarray. Mice were subjected to immobilization stress for 2 h per day for 5 consecutive d. With a 4.0-fold cutoff of arbitrary criteria, the expression levels of 168 out of 41,174 genes were signifi cantly modulated in the adrenal cortex by stress when comparing the control and experimental groups. These genes were related to apoptosis, cell cycle, immune response, inflammatory responses, and signal transduction, and thus may be used as potential targets for the development of therapeutics for chronic stress or depression. Six significant genes among these were selected for real time polymerase chain reaction analysis to confi rm the change of their expression levels. The gene for phospho 1 was also further investigated because its expression showed the greatest fold-change.
INTRODUCTION
Stress affects our daily lives. Many studies have shown that stress has profound effects on immunological parameters in humans and animals [1] . According to Cannon, homeostasis is the product of multiple physiological systems that maintain a steady-state in an organism [2] . Immobilization (IMO), a restraint stressor, is known to induce both psychological and physical stress which results in a wide range of behavioral and physiological alterations, secretion of stress hormones, and neuronal cell death in the brain [3] . Sev eral research groups have reported on IMO stressrelated changes in specifi c genes or proteins in organs such as stomach, liver, spleen, hippocampus, and the hypothalamic-pituitary-adrenal axis [4, 5] . Corticotrophin releasing hormone is se creted by the hypothalamus and leads to the release of adrenocorticotropic hormone (ACTH) from the pituitary gland. ACTH causes the adrenal gland to synthesize and release catecholamines such as corticosterone, epinephrine, dopamine, and norepinephrine, which are all characteristic stress hormones.
Ginseng has a long history as a traditional medicine in Korea, China, and Japan. Recent studies have shown that ginseng increases resistance to stress, decreases blood pressure, benefi ts immune functions, and exerts antidepressant effects [6, 7] . To date, approximately 70 kinds of saponin have been isolated from Panax ginseng. Most of these are protopanaxdiol and protopanaxtriol, which are aglycones of dammarane-type triterpenoids.
Recently, Cho et al. [8] and spectroscopic data from four major diol-saponins: ginsenosides Rb1, Rb2, Rc, and Rd. Researche on the anti-stress effects of ginseng suggest that total ginseng saponins are the active components involved in the alleviation of mental and physical stress, and the normalization of work capacity [9] . However, the effects of ginseng on the adrenal cortex have not been studied. DNA microarray technology, which has recently emerged as a powerful tool, allowed us to simultaneously analyze and compare gene expression in normal and treated cells [10] . We compared gene expression patterns in the adrenal cortex of mice either exposed or not exposed to restraint stress by ginseng treatment. Using oligo microarrays containing 44,000 genes of various functional classes, we found that 119 genes were up-regulated whereas 49 genes were down-regulated. We selected six genes of particular interest and confi rmed the changes in the expression patterns of these genes by quantitative real time polymerase chain reaction (RT-PCR).
MATERIALS AND METHODS
Male CD-1(ICR) mice which were 6 wk old (Jung Ang, Seoul, Korea) were used for all experiments. The animals were randomly divided into four experimental groups and housed for at least 8 d prior to starting the experiments. They were kept on a 12-h light/dark cycle at a temperature of 23±1°C and given food and water ad libitum. The body weights of the mice were determined daily, immediately after exposure to 2 h of repeated IMO, using a digital balance (CAS, Seoul, Korea). The experimental procedures were carried out in accordance with the NIH Guide for Care and Use of Laboratory Animals, and were approved by the Kyung Hee University Institutional Animal Care and Use Committee.
For RT-PCR analysis, 1 μg of total RNA was reverse transcribed with 200 U of moloney murine leukemia virus (MMLV) reverse transcriptase (Life Technologies, Carlsbad, CA, USA), in 20 μL of reaction mixture containing random hexamers (Bioneer, Daejeon, Korea). One microliter of cDNA mixture was then used as DNA templates in 20 μL of reaction mixture containing 10 mM Tris-HCl (pH8.3), 50 mM KCl, 1.5 mM MgCl 2 , 0.2 mM dNTP, 0.4 uM each primer, and 0.5 U Taq polymerase (TaKaRa, Shiga, Japan). RT-PCR was performed using a PTC-100 programmable thermal controller (MJ Research, Waltham, MA, USA). All primers were designed using web-based primer selection software, Primer 3 (The Whitehead Institute for Biomedical Research, Cambridge, MA, USA). The primer sequences and reaction conditions of the genes are shown in Table 5 . The PCR products were separated on 1% agarose gels, stained with ethidium bromide, and photographed. The intensities of the bands were measured by ImageMaster VDS (Amersham Pharmacia, Buckinghamshire, UK) with ImageMaster TotalLab image-analyzing software. The signals of target PCR bands were normalized against the band intensity of glyceraldehyde-3-phosphate dehydrogenase. Data was expressed as the mean±standard error. Differences were analyzed with Student's t-test. A p-value of <0.05 was considered to be signifi cant.
The ten mice of the IMO group were stressed daily by immobilization for 2 h in Rodent Restraint Cones (Stoelting, Wood Dale, IL, USA) which prevented all forward/ backward and lateral movements. For repeated IMO stress, mice were immobilized at the same time every morning for fi ve consecutive days. Mice were sacrifi ced by decapitation immediately after the 5th IMO stress treatment on the fi nal day. The adrenal cortex was quickly removed and stored in cold RNAlater solution (Ambion, Austin, TX, USA) for further experimentation.
Real time polymerase chain reaction
Reverse transcription was performed using a TaqMan Reverse Transcription Regents Kit (Applied Biosystems, Foster City, CA, USA). The cDNA samples were diluted 1, 0.5, 0.25 0.125, and 0.0625 ng/mL. Triplet quantitative assays were performed on 1 mL of each cDNA dilution using the SYBR Green Master mix with an ABI 7900 sequence detection system according to the manufacture's protocol (Applied Biosystems). Gene-specifi c primers were designed by using PRIMEREX PRESS 1.0 software (Applied Biosystems) and are listed in Table 5 .
Microarray analysis
For control and test RNAs, the synthesis of target cRNA probes and hybridization were performed using a Low RNA Input Linear Amplifi cation kit (Agilent Technology, Santa Clara, CA, USA) according to the manufacturer's instructions. Briefl y, 1 mg each of total RNA and T7 promoter primer was mixed and incubated at 65°C for 10 min. A cDNA master mix (5x fi rst strand buffer, 0.1M DTT, 10 mM dNTP mix, RNase-Out, and MMLV-RT) was prepared and added to the reaction mixture. The samples were incubated at 40°C for 2 h, and then the RT and dsDNA synthesis was terminated by incubating the samples at 65°C for 15 min. The transcription master mix was prepared according to the manufacturer's protocol (4x transcription buffer, 0.1M DTT, NTP mix, 50% PEG, RNase-Out, inorganic pyrophosphatase, T7-RNA polymerase, and cyanine 3/5-CTP). Transcription of dsDNA was performed by adding the transcription master mix to the dsDNA reaction samples and incubating at 40°C for 2 h Amplifi ed and labeled cRNA was purifi ed on cRNA Cleanup Module (Agilent Technology) according to the manufacturer's protocol. Labeled target cRNA was quantified using an ND-1000 spectrophotometer (NanoDrop Technologies Inc., Wilmington, DE, USA). After checking the labeling effi ciency, fragmentation of cRNA was performed by adding 10x blocking agent and 25x fragmentation buffer, and incubating at 60°C for 30 min. The fragmented cRNA was resuspended in 2x hybridization buffer and directly pipetted onto an assembled Whole Rat Genome Oligo Microarray (44K; Agilent Technology). The arrays hybridized at 65°C for 17 h using an Agilent Hybridization oven (Agilent Technology). The hybridized microarrays were washed according to the manufacturer's washing protocol.
Data acquisition and analysis
The hybridized images were scanned using a DNA microarray scanner and quantifi ed with Feature Extraction Software (Agilent Technology). All data normalization and selection of fold-changed genes were performed using GeneSpringGX 7.3 (Agilent Technology). Intensity-dependent normalization (locally-weighted regression scatterplot smoother) was performed where the ratio was reduced to the residual of the Lowess fi t of the intensity versus the ratio curve. The averages of the normalized ratios were calculated by dividing the average of normalized signal channel intensity by the average of normalized control channel intensity. Functional annotation of the genes was performed using GeneSpringGX 7.3 according to the Gene Ontology Consortium. Gene classifi cation was based on searches of BioCarta, Gen-MAPP, DAVID, and Medline databases.
RESULTS AND DISCUSSION

Microarray
Microarray analysis is a technique that has been shown to be useful for the simultaneous profiling of global gene expression and converging new genes or new functions of known genes [11] . For these reason, microarray analysis has been used to study gene expression in stressed mice following treatment with herbal medicine [12] and stress-related changes in gene expression following treatment with ginseng.
RNA quality
Preparation of highly pure undegraded total RNA is essential for performing a successful microarray. The quality of the total RNA was monitored with a RNA 6000 Pico Assay Solution using 2100 Bioanalyzer (Agilent Technology). No degradation was evident in the gel-like images of the control and sample preparations (Fig. 1A) . The rRNA ratios (28S/18S) of each preparation were close to 2.0 (Fig. 1B) . These data indicate that high-quality RNA was recovered.
MA-plot
An MA-plot of the microarray data, where M and A represent log2(Cy5 intensity/Cy3 intensity) and 1/2log2(Cy5 intensity×Cy3 intensity), respectively, is a plot of log-ratio of two expression intensities versus the mean log-expression of the two [13] . As shown in Fig.  2 , most M values are between ±1.0, meaning that up-or down-regulation scales are mostly less than 2-fold.
Data processing
Array images were analyzed to check general signal intensities from the DNA chips after hybridization of the samples and probes on the chips (data not shown). After acquisition from the images, the signals were transformed into digital numbers and an analysis was performed. To test the reproducibility of each microarray analysis, the absolute data from each chip (data not shown) were compared. Normalization and comparison of the data were done and hierarchical clustering was performed.
Functional distribution and regulation of genes
Genes were classified into nine functional groups (immune response, neurogenesis, cell cycle, apoptosis, DNA repair, signal transduction, and gene transcription). The overall distribution of the genes in each groups that were up-or down-regulated by more than 2-fold following ginseng extract administration on the 5th day after IMO stress are shown in Fig. 3 . There were more up-regulated (119) than down-regulated (49) genes. Lists of genes in each group are shown in Table 4 .
Stress response-related genes (Table 1) Defension beta 3 (Defβ3)
The Defβ3 gene was up-regulated by 4.2±0.16 fold. Mammalian cells express a number of peptide antibiotics as an innate host defense system [14] . Defensins and acathelicidin are the two major classes of antimicrobial peptides in humans [15] . Defensins are divided into α-and β-denfensins. In humans, α-denfensins are expressed in the small intestine (neurtophils and Paneth cells) whereas β-denfensins are mainly found in epithelial tissues.
alpha-2-HS-glycoprotein (αhsg)
αhsg was down-regulated by 5.8±0.17 fold. αhsg is a serum glycoprotein. αhsg-KO mice show impaired tolerance to ischemia suggesting that ahsg exerts a protective effect against ischemia in cardiomyocytes [16] .
Up-regulated immune response-related genes (Table 2) Colony stimulating factor 3 (Csf3)
The Csf3 gene was up-regulated by 19.62-fold. G-CSF stimulates the expression of the MIP-2 receptor via STAT3-dependent transcriptional activation of Il8rb [17] . Each point represents the average expression value for the same gene in stressed and non-stressed mice. MA plots were used to represent the R and G data, where M (relative expression ratio)=log2(CY5/CY3). A (signal intensity)=[log2(Cy5XCy3)]/2. G is the stronger control sample (stressed mice) hybridization (CY3) and R is the stronger experimental (stressed mice treated with ginseng) sample hybridization (CY5). G-CSF and IL-6 provide signals that determine the angiogenic potential of resident monocytes in BM [18] .
C-type lectin domain family 4, member a2 (Clec4a2)
The Clec4a2 gene was up-regulated by 5.90-fold. This observation indicates that Dcir is a negative regulator of dendritic cell expansion and has a crucial role in maintaining the homeostasis of the immune system [19] .
Radical S-adenosyl methionine domain containing 2 (Rsad2)
The Rsad2 gene was up-regulated by 10.60-fold. Viperin may play a central role in bacterial or parasitic infections, and may protect neutrophils and macrophages from infection [20] .
Up-regulated cell cycle response-related genes (Table 3) Centromere autoantigen H (Cenph)
The Cenph gene was up-regulated by 14.34-fold. TRIM36 interacts with the kinetochore protein CENP-H and delays cell cycle progression [21] . Immunocytochemical analysis of CENP-I-defi cient cells demonstrated that both CENP-I and CENP-H are necessary for localization of CENP-C, but not CENP-A, to the centromere [22] .
Nusap1 protein (Nusap1)
The Nusap1 gene was up-regulated by 13.26-fold. NuSAP is essential for proliferation of embryonic cells and, simultaneously, they underscore the importance of chromatin-induced spindle assembly [23] .
Integrin beta 1D (Itgβ1)
The Nusap1 gene was up-regulated by 13.26-fold. Ablation of beta1 integrin induces organ atrophy by disrupting acinar cell polarity and exposing the pancreatic parenchyma to digestive enzymes [24] .
Up-regulated apoptosis response-related genes (Table 4) N-acylsphingosine amidohydrolase 2 (Asah2)
Asah2 was up-regulated by 15.87-fold. Asah2 is an N-acylsphingosine amidohydrolase 2. Expression of this enzyme is decreased in the small intestine in transgenic mice lacking CFTR [25] . The Asah2-encoded neutral ceramidase is a key enzyme for the catabolism of dietary sphingolipids and regulates the levels of bioactive sphingolipid metabolites in the intestinal tract [26] .
Fibroblast growth factor receptor 1 isoform 1 (Fgfr1)
Fgfr1 was up-regulated by 15.64-fold. This result indicates that MAPK/ERK activation downstream of FGFR1 is necessary for motor axon guidance, and that embryonic stem cell-derived neurons provide an important tool for dissecting intracellular pathways required for axon guidance [27] . FGFR1 is indispensable for complete differentiation and activation of osteoclasts in mice [28] . Dysfunctions in glial cells and FGF receptor signaling may therefore be implicated in neurodegenerative hearing loss associated with the normal aging process [29] .
Eukaryotic translation elongation factor 1 alpha 2 (Edf1a2)
Edf1a2 was up-regulated by 15.24-fold. Eefl a 2 interacts with Prdx-I to provide cells with extraordinary resistance to oxidative stress-induced cell death [30] . Expression of eEF1A-2/S1 protein is activated upon myogenic differentiation [31] .
Despite these DNA mi croarray studies on stress response, no novel IMO stress-related genes were discovered. In this study, to search the novel genes which were up-or down-regulated by IMO stress in the mouse's adrenal cortex, the transcriptional activity of the adrenal cortex in mice challenged with days of repeated IMO http://ginsengres.org was quantitatively analyzed using cDNA microarray. After sacrifi cing the mice on the last day of the IMO stress challenge, the adrenal cortex was quickly separated from the adrenal gland and used for the purification of total RNA. The significantly up-or down-regulated genes were identifi ed using the following criteria: signifi cant difference between the control and IMO groups, that is, p<0.05 (t-test) and a mean fold-change >1.5. A fl uctuation in gene expression levels over 4-fold was considered to be sufficient to induce significant biochemical and physiological changes in living cells. By using these criteria, 176 genes out of 41,174 genes were selected since their expression levels were signifi cantly modulated in adrenal cortex by stress. 118 genes were up-regulated by IMO stress while 49 genes were down-regulated. Genes related to immune responses, apoptosis, and signal transduction were activated by a factor of 1.5 to 15.0 ( Table 2 ). The expression of specifi c disease-related genes, such as Aqp4 (spinal cord injury), was strongly stimulated by stress. Among the upregulated genes, nine olfactory receptors including Olfr 724, Olfr 1441, Olfr 1223, Olfr 1359, Olfr 411, Olfr 686, Olfr 435, Olfr 577, and Olfr 570 were highly overexpressed. mRNA processing genes, such as splicing factor, arginine/serine-rich 4 (Sfrs4), was also up-regulated over 7.4-fold. A majority of the up-regulated genes were found to be in volved in transcriptional regulation (Tcfe2a, Stat4), or were cell signaling molecules (Camsap1) and receptors (V1rj2, Tnfrsf8, Gpr12, C5ar1, Gpr35, and Ncr1). It was reported that restraint stress often modulates the immune system by either immunoactivation or immunosuppression depending on the intrinsic properties of the stress. Acute stress basically enhances the immune system to protect the body from stress-related dysfunction, whereas chronic stress gradually reduces overall immunity by inducing apoptotic death of immune cells and suppressing the basal expression of survival genes such as tumor suppressors, chaperones, and neurotrophin. In order to verify the gene expression levels obtained from the microarray analysis, six genes were selected for mRNA expression profi ling by RT-PCR. Values from RT-PCR analyses are expressed as the mean and standard deviation from at least three independent experiments. The expression levels of fi ve of these genes were found to decrease, but in case of phospho 1 the expression increased, which concurred with the microarray experiment results (Fig. 4) .
The effects of IMO stress on the six genes demonstrated by RT-PCR are shown in Table 5 . There were signifi cant decreases in the cortical mRNA expression of fi ve out of the six genes (Serpina 3K, Dnase113, F2, Slc27a5, and Rdh7) after the mice were subjected to IMO stress for 1 h. However, the cortical mRNA expression of phospho 1 was signifi cantly increased in. The phospho1 gene is highly expressed in bone tissue, and phospho 1 protein localization is restricted to sites of skeletal mineralization in the mouse. Furthermore, phospho1 protein is cytosolic and active within murine osteoblasts [32, 33] . Thrombin plays a major role in extra-intestinal thrombus formation associated with experimentally-induced colitis. It also appears to contribute to the propagation/stabilization, rather than initiation, phase of colitis-associated thrombogenesis at distant vascular sites [34] . We also identifi ed several up-regulated genes which have not been reported to be associated with stress response, including Caudin, and Tlx2, and have been known to be harmful to cells at high expression levels. Furthermore, Aqp4 and Defb10 could be recommended as novel key elements that mediated the stress response. These might be used as new targets for the development of therapeutics for treating chronic stress or depression although further studies of the genetic and structural aspects of each target are required. Dnase1l3  GAG TGT TTG CTC CCT TCC TG  GGT TGC TTC TGA GAC TGG GA  193   F2  CAA CAT GTT CTG TGC TGG CT  TAC CAG CGG TTG TTA AAG GG  111   Slc27a5  GCC TAT GCC ACA CCT CAT TT  GGT TCC TTC ACA CAC AGC CT  198   Phospho1  GCT GTC TAC GAG ACC ATC CC  GAG CCC TGT TTG GCT ATG AA  71   Rdh7  CAC CTA GGA TGA GCT TTG CC  AAC GGC ATT AGG ATG TGG AG  150 
